1€8

Space System
*

e

in

ies

Memor

le

i

Space Systems

ile Memor

=

=Volat

ion of Non
-Volat

izat

ty Challenges for the

ili

n

s
.

iab

=
=)
rd
S
-
=
(cw)
=

Rel
iza

|

i

ity Challenges for the Ut
o

iabi
Ut

S

Rel

»@? S

S




Reliability Challenges for the Utilization of Non-Volatile Memories in Space System
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Overview

m New system designs and performance
requirements dictate the need to utilize
high density memory devices. |

m Power constraints necessitate the »
utilization of very low power electronics
and retention of memory with no power

o

tal requirements dictate
e radiatior i
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Current Challenges

B Technical challenges
Smaller feature sizes and miniaturization
Low power devices and processes
Device complexity
Radiation Tolerance of commercial Processes
m  Environmental challenges:

.} B2 Rad-Resistant [105-10° rad/s, >10° rad] !

. [F] Rad-Hard [ >108 rad/s, >105 rad] '

Number of Rad Tolerant
Microelectronics
Manufacturers

gl2 Digital
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Changing Applications for NVM

Long term retention

Missions will last >10 years

X2000/ PKE

High endurance
— Vehicle turned on rarely and exercised heavily
— X2000/ Deep Impact . .
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Charge Trapping

FIoatin_q Gate Structures

B Based on the movement of
electrons into and out of an
isolated polysilicon structure
“floating gate’.

Floating gate modulates the

',.»CUrrent flow through an assoc

TEDE CAFP

Wrd Line = Tungsten Silicide ...,
. Baose Poly o

i
i
ong !
Floating Gate Poly

i
Shallgw Trench olaffer - 1
i

el

jate

Bourcs Junction

P-EPf Subsirate """
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Charge Trapping

Floating Gate Reliability

m Trap-u
— Increase in voltage required to
program/erase due to cycling
— Can be enhanced due to radiation damage
m Charge pump degradation ’

Control
Floating

n+ Source

p-type substrate




Charge Trapping
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¥ ¥

Vpp

=5V, Vo =33V
(charge pump activated)

Vpp = 12V, Vg = 3.3V
(no charge pump)

Floating Gate - Radiation _ wop
CharaCt_e_riStiCS :S— 120 itel 8F0165Y
3l
m Total lonizing Dose Effects ; il
— Failures at 10krad levels g
due to charge pump o

110 115
Total Dose [krad(Si)]

4.5
4.0

3.5+
3.0+

25
2.0

Igp [MA]

| Irradiation

187 Address Errors

After 75 krad(Si)
Spec |:i_m't

Iradiation
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Charge Trapping

Floating Gate - Radiation

Characteristics

Single Event Latchup

— Devices are very
susceptible

APL

Device irradiated with lodine (LET = 60 MeV-cm2/mg)
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Field Polarization

bitline

wordline

FeRAM Structures

Ultilize the :bi-stable state of ferroeleCtric
materials

SILICOR
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Field Polarization

FeRAM Reliability

m Fatigue
— Gradual Loss of remnant polarization due to wear

B Aging ‘ « _
- Degradatlon of parameters with time

Polarization (uCfem™
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Field Polarization

FeRAM Radiation Characteristics

Total lonizing Dose

— CMOS supporting circuitry TID vs Standby Current of FRAM
show failures at about 25krad 10000

/'¢

Failed functional. Stuck at 1 ]

1000 -
g ¥ Bits stuck, but OK
L after rewrite with
r new pattern
100

T

Standby Current [uA]

i

Total
i
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Field Polarization

1¥all
m Magneto-resistive Memory (MRAM) 0

®m Uses Anti-parallel Magnetic Fields to
Limit Current in Cell

— Electron spin scattering

Simfgh
usic

resistance (kohm)

0
applied field (Oe)
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Phase Change Memories JPL

Anti-Fuse
B Alfers resistance of current path E
m One time program , o see
® Alpha-Silicon, Alpha-Carbon or ONO '

Chalcogenide
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Phase Change Memories

TR T Rl R P

Chalcogenide Reliability

B Limited reliability data is available on
Chalcogenide memory devices

e o R R R SRR e “g

Log Device Resistance

_ Antifuse Reliabil t

® On State Breakdown Reliability =~ ‘ 2 4 6 3 10 12
, ‘ . ( ' . Log Number of Programming Cycles

i
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Phase Change Memories JPL

Chalcogenide Radiation Characteristics

B No commercial product has been available for test
m CMOS structures are expected to suffer typical leakage current
degradation

Devices expected to be susceptible to Single Event Iatchup and Upset
‘due to CMOS support c:rcwtfy : ‘
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Summary

B New space systems require the utilization of high

density memory devices with proven reliability
Current commercial technologies do not satisfy the
density, radiation tolerance, or endurance
requirements for space applications
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Current Status of NVM
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